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7KH VSUHDG RI LQWHUPLWWHQW UHQHZDEOH HQHUJ\ VRXUFHV LQFUHDVLQJO\ VKRZV WKH ODFN RI DSSURSULDWH GHFHQWUDOL]HG
HQHUJ\VWRUDJHVROXWLRQVIRUJULGVXSSRUWDQGUHVLGHQWLDODSSOLFDWLRQV3DWHQWVDUHDJRRGPHWULFWRGHWHUPLQHZKHWKHU
WKHQHFHVVDU\WHFKQRORJLFDOSURJUHVVLVLQGHHGKDSSHQLQJDVWKHPDQGDWRU\SXEOLFDWLRQRIWKHXQGHUO\LQJLQYHQWLRQ
JLYHV DFFHVV WR RWKHUZLVH KLGGHQ5	'DFWLYLWLHV2XU SDSHU FRQWULEXWHV WR WKH OLWHUDWXUHZLWK D FRPSLOHG DUUD\ RI
WHFKQRORJLFDOFODVVHVUHODWHGWRLPSRUWDQWEDWWHU\W\SHVLQWKHQRYHO&RRSHUDWLYH3DWHQW&ODVVLILFDWLRQ&3&ZKLFK
FDQ EH XVHG WR LGHQWLI\ UHOHYDQW SDWHQW DSSOLFDWLRQV RI WKH FRPSHWLQJ WHFKQRORJLHV 8VLQJ WKH ZRUOGZLGH SDWHQW
VWDWLVWLFDOGDWDEDVH3$767$7ZHILQGWKDWSURPLVLQJWHFKQRORJLHVVXFKDVVRGLXPVXOIXUEDWWHULHVDQGUHJHQHUDWLYH
IXHO FHOOV HJ UHGR[ IORZ EDWWHULHV VKRZ LQFUHDVLQJ SDWHQW FRXQWV GXULQJ WKH ODVW \HDUV 7KH QXPEHU RI SDWHQW
DSSOLFDWLRQVIRUUHJHQHUDWLYHIXHOFHOOVGRXEOHGIURPWR1HYHUWKHOHVVWKHSDWHQWLQJLQWHFKQRORJLHVUHODWHG
WROLWKLXPLVXQFKDOOHQJHG$QQXDOSDWHQWDSSOLFDWLRQVLQWKLVDUHDKDYHUHDFKHGYHU\KLJKOHYHOVLQDQG
DOORZLQJ WKH FRQFOXVLRQ WKDW WKH LQWURGXFWLRQ RI LPSURYHG PRGXOHV ZLOO FRQWLQXH 2XU DQDO\VLV XQGHUOLQHV WKDW
HOHFWURFKHPLFDO VWRUDJH DQG LQ SDUWLFXODU OLWKLXPEDVHG WHFKQRORJLHV FDQ EH H[SHFWHG WR SOD\ DQ LQFUHDVLQJO\
LPSRUWDQW UROH LQ IXWXUH HQHUJ\ V\VWHPV 8VLQJ WKH SUHVHQWHG FRPSLODWLRQ RI &3& JURXSV DGMDFHQW VWXGLHV FRXOG
LGHQWLI\WKHPRVWLPSRUWDQWSDWHQWVIRUH[DPSOHE\FLWDWLRQDQDO\VLVLQWKHUHVSHFWLYHWHFKQRORJLHVDQGLQYHVWLJDWH
WHFKQRORJLFDOSURJUHVVLQDXVSLFLRXVVXEEUDQFKHVLQPRUHGHWDLO

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IRU WKH GHVLUHG GHFHQWUDOL]HG VWUXFWXUH VHYHUDO VWXGLHV KDYH DQDO\]HG HOHFWURFKHPLFDO HQHUJ\ VWRUDJH
SRVVLELOLWLHVDOOKLJKOLJKWLQJWKHQHHGIRULPSURYHPHQWVLQUHOHYDQWWHFKQRHFRQRPLFSDUDPHWHUV>±@
7RVXSSRUWWKHPXFKQHHGHGSURJUHVVXQGHUVWDQGLQJLQQRYDWLRQLQHOHFWURFKHPLFDOHQHUJ\VWRUDJHLVDQ
LPSRUWDQWUHVHDUFKDVZHOODVSXEOLFSROLF\LVVXHIRUVHYHUDOUHDVRQV)LUVWO\DVWKHHFRQRPLFSRWHQWLDOIRU
SRVVLEOH LPSURYHPHQWV LV JLJDQWLF LW LV OLNHO\ WKDW QRYHO LGHDV DUH ILUVW SDWHQWHG EHIRUH VFLHQWLILFDOO\
SXEOLVKHG LI ODWWHU DW DOO &RQVHTXHQWO\ LW LV OLNHO\ WKDW LPSRUWDQW NQRZKRZ FRQFHUQLQJ EDWWHULHV LV
UHYHDOHGLQSDWHQWV6HFRQGO\SROLF\PDNHUVDLPLQJIRUWHFKQRORJ\OHDGHUVKLSE\WKHLUFRXQWULHVQHHGWR
KDYHLQIRUPDWLRQRQWKHLQQRYDWLYHSHUIRUPDQFHLQWKHLUUHVSHFWLYHMXULVGLFWLRQDVWKLVLVHVVHQWLDOIRUD
ZHOOLQIRUPHG GHFLVLRQ DERXW RSWLRQDO WHFKQRORJ\ SXVK RU PDUNHW SXOO VXEVLGLHV 5HJDUGLQJ HQHUJ\
JHQHUDWLRQWHFKQRORJLHVPHWKRGRORJLFDOO\UHODWHGVWXGLHVKDYHUHFHQWO\OHGWRWKHUHFRPPHQGDWLRQRIWKH
DEROLWLRQRIWKH((*WKHOHJDOEDVLVIRUIHHGLQWDULIIVLQ*HUPDQ\E\DQLPSRUWDQWJRYHUQPHQWDGYLVRU\
ERDUG >@7KLUGO\ JULGGHVLJQHUV DQG HQHUJ\ VFHQDULR UHVHDUFKHUVQHHG WRNQRZZKLFK HQHUJ\ VWRUDJH
V\VWHPVFRXOGGRPLQDWHPDUNHWVLQWKHIXWXUH7KHVFKRODUO\OLWHUDWXUHRQLQQRYDWLRQLQHQHUJ\VWRUDJHKDV
KRZHYHUVRIDURQO\ORRNHGDW WHFKQRORJLHVUHOHYDQWIRUHOHFWULFPRELOLW\UHJLVWHUHGDW WKH8QLWHG6WDWHV
3DWHQW DQG 7UDGHPDUN 2IILFH 86372 >@ )XUWKHU UHVHDUFK GUDZLQJ D JOREDO RUJDQL]DWLRQDO DQG
TXDOLWDWLYH SLFWXUH LQFOXGLQJ WHFKQRORJLHV UHOHYDQW IRU VWDWLRQDU\ HQHUJ\ VWRUDJH LV WKHUHIRUH D SUHVVLQJ
QHHGDV³HQHUJ\VWRUDJHLVYHU\PXFKWKHNH\WRXQORFNLQJWKHGRRURIUHQHZDEOHHQHUJ\´>@

6HOHFWLRQRIUHOHYDQWSDWHQWVZLWKWKHQRYHO&RRSHUDWLYH3DWHQW&ODVVLILFDWLRQ&3&
3UHYLRXV UHVHDUFK KDV LGHQWLILHG SDWHQWV RI FHUWDLQ WHFKQRORJLHV HLWKHU E\ VHDUFKLQJ IRU UHOHYDQW
NH\ZRUGV >±@ E\ UHO\LQJ RQ WHFKQRORJLFDO FODVVLILFDWLRQV >@ RU E\ HPSOR\LQJ DQ LWHUDWLYH
FRPELQDWLRQRI WKHVH WZR DSSURDFKHV >@$PDMRU ULVN RI VHDUFKLQJ IRUNH\ZRUGV LV WKH LQFOXVLRQRI
LUUHOHYDQW GRFXPHQWV HJ GHVFULELQJ QRYHO WHFKQRORJLHV XVLQJ WKH PRGXOHV LQVWHDG RI GHVFULELQJ
LPSURYHGPRGXOHVRURPLWWLQJSDWHQWVZLWKDWRRQDUURZVHWRINH\ZRUGV
6HOHFWLQJSDWHQWVE\WHFKQRORJLFDOFODVVHV±ZKLFKDOOSDWHQWDXWKRULWLHVDVVLJQWRILOHGLQYHQWLRQV±FDQ
FLUFXPYHQWWKLVOLPLWDWLRQDVWUDLQHGSDWHQWH[DPLQHUVH[SHUWVRQSDWHQWOLWHUDWXUHLQWKHLUWHFKQRORJLFDO
ILHOG DVVLJQ WKH FODVVLILFDWLRQ 7KH UHFHQW LQWURGXFWLRQ RI WKH &RRSHUDWLYH 3DWHQW &ODVVLILFDWLRQ &3&
EHWZHHQ WKH 86372 DQG WKH (XURSHDQ 3DWHQW 2UJDQL]DWLRQ (32 DOORZV WR UHVROYH WKH WHFKQRORJLHV
QRZDSSUR[LPDWHO\GLVWLQFWHQWULHVLQDPRUHILQHJUDLQHGZD\WKDQLQWKHHDUOLHU,QWHUQDWLRQDO
3DWHQW&ODVVLILFDWLRQ,3&>@7KH&3&LVWKHUHIRUHHPSOR\HGLQWKHIROORZLQJLQYHVWLJDWLRQ

7DEOH,QYHVWLJDWHGWHFKQRORJLHVDQGWKHLUFRUUHVSRQGLQJ&3&FODVVHVGHQRWHVWKHZLOGFDUGIRUOLWHUDODQGORJLFDO
VXEJURXSVHJLQFOXGHV 

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'HYHORSPHQWRISDWHQWLQWHQVLW\LQWKHLQYHVWLJDWHGWHFKQRORJLHV

)LJD1XPEHURIQHZSDWHQWIDPLOLHVRILQYHVWLJDWHGWHFKQRORJLHVDFURVV\HDURIILOLQJE1XPEHURIQHZSDWHQW
IDPLOLHVSHUFRQWLQHQWRIDSSOLFDQWDFURVV\HDURIILOLQJ'DWDDIWHULVWUXQFDWHGGXHWRWKHFRQILGHQWLDOLW\SHULRG
RI DSSOLFDWLRQV PRQWKV JUH\ VKDGHG DQG OLPLWHG SUROLIHUDWLRQ RI GDWD E\ LQWHUQDWLRQDO DXWKRULWLHV WR WKH (32
EHIRUHWKHLVVXHGDWHRIWKHXVHGYHUVLRQRI3$767$72FWREHU
:H XWLOL]HG WKH QXPEHU RI SDWHQW IDPLOLHV WR FRPSDUH WKH JURZWK LQ WKH LQYHVWLJDWHG WHFKQRORJLHV
EDVHGRQ WKH ODWHVW DYDLODEOH HGLWLRQRI3$767$7)LJXUH D VKRZV WKHQXPEHURI LGHQWLILHGSDWHQW
IDPLOLHVDFURVV\HDURI ILOLQJ IRU WKH WHFKQRORJLHVDVJURXSHG LQ7DEOH6WDUWLQJ IURPD UDWKHU VLPLODU
OHYHOLQWKHQXPEHURIQHZSDWHQWIDPLOLHVUHODWLQJWROLWKLXPKDVLQFUHDVHGVXEVWDQWLDOO\7KHPDLQ
JURZWK FDQ EH DWWULEXWHG WR PRELOH HOHFWURQLFV DQG HOHFWULF PRELOLW\ 'XULQJ WKH ODVW \HDUV D VOLJKW
LQFUHDVHFDQDOVREHVHHQLQOHDGDQGVRGLXPVXOIXUDOWKRXJKE\IDUQRWDVVWURQJDVIRUOLWKLXP%HWZHHQ
DQGSDWHQWIDPLOLHV LQUHGR[IORZWHFKQRORJLHVVKRZDJURZWKRIPRUHWKDQSHU\HDU
)URP)LJXUHELWFDQEHVHHQWKDW$VLDQILUPVDUHWKHPRVWLPSRUWDQWVRXUFHRIJURZWK7KLVDOVRKROGV
WUXHZKHQDQDO\]LQJKLQGLFHVRIDSSOLFDQWVDVFRPELQHGTXDQWLWDWLYHDQGTXDOLWDWLYHPHDVXUH>@,QWKLV
PHWULF$VLDQILUPVGRPLQDWHSDUWLFXODUO\LQOLWKLXPUHODWHGWHFKQRORJLHV 

&RQFOXVLRQ	GLVFXVVLRQ
3DWHQWLQJLQOLWKLXPWHFKQRORJLHVVKRZDVXUSULVLQJO\VWURQJUDWHFRPSDUHGWRRWKHUW\SHVRIEDWWHULHV
,WLVOLNHO\WKDWDIUDFWLRQRILQYHQWLRQVILOHGDWWKHHQGRILVQRW\HWLQFOXGHGLQWKHODWHVWHGLWLRQRI
3$767$7 7KH DQQXDO DSSOLFDWLRQV LQ  FRXOG WKHUHIRUH EH HYHQ KLJKHU ,Q WKH IXWXUH FRQWLQXHG
JURZWK FRXOG OHDG WR D VHOILQFUHDVLQJ HIIHFW 7KH WHFKQRHFRQRPLF SDUDPHWHUV RI OLWKLXP UHODWHG
WHFKQRORJLHVFRXOGEHPRUHDWWUDFWLYHFRPSDUHGWRRWKHUVOHDGLQJWRHYHQPRUH5	'LQWKLVILHOGIXUWKHU
LPSURYLQJWKHSHUIRUPDQFHRIWKHVHEDWWHULHV:HEHOLHYHWKDWRXUILQGLQJRIVWURQJSDWHQWLQJG\QDPLFVLQ
EDWWHULHV±LQSDUWLFXODUOLWKLXPEDVHGWHFKQRORJLHV±LVHQFRXUDJLQJDVLWDOORZVWKHLPSRUWDQWFRQFOXVLRQ
WKDWWKHLQWURGXFWLRQRILPSURYHGPRGXOHVZLOOFRQWLQXH7KHODUJHQXPEHURISDWHQWDSSOLFDWLRQVFDOOVIRU
DQLQGHSWKLQYHVWLJDWLRQRIWKHUHYHDOHGLQGXVWULDONQRZKRZ$PRUHGHWDLOHGVWXG\LGHQWLI\LQJWKHPRVW
LPSRUWDQWSDWHQWVRQDJOREDOOHYHODQGDOVRIRURWKHUWHFKQRORJLFDOFDQGLGDWHVLQFOXGLQJUHGR[IORZFHOOV
XVLQJFLWDWLRQDQDO\VLV>@ZRXOGEHYDOXDEOHDVSUHYLRXVO\GRQHE\/LQHWDO>@IRUWKHOLPLWHGDUHDRI
OLWKLXPOHDGDQG1L0+SDWHQWVUHJLVWHUHGDWWKH86372:HVHHRXUOHWWHUWKXVDVSRWHQWLDOVWDUWLQJSRLQW
WRLQYHVWLJDWHLQQRYDWLRQRIVXEEUDQFKHVLQDXVSLFLRXVWHFKQRORJLHVVXFKDVIRUH[DPSOHOLWKLXPVXOIXU
>@PRUHULJRURXVO\ 
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6LPRQ0OOHU
$IWHUILQLVKLQJKLVVWXGLHVLQSK\VLFVDW WKH/080XQLFKZLWKDPDVWHUWKHVLVVXSHUYLVHG
E\3URI+lQVFK LQ6LPRQ0XHOOHUZRUNHGDV LQWHUQ LQDFRUSRUDWHFHQWHU IRU OHJDO
DQG SDWHQW DIIDLUV +H LV FXUUHQWO\ UHVHDUFKLQJ WRZDUGV KLV 3K' UHODWHG WR LQQRYDWLRQ LQ
HQHUJ\VWRUDJHDWWKH780XQLFKXQGHUWKHVXSHUYLVLRQRI3URI:HOSH
3KLOLSS6DQGQHU
3KLOLSS6DQGQHULVDSRVWGRFDWWKH7806FKRRORI0DQDJHPHQWORFDWHGDWWKH7HFKQLVFKH
8QLYHUVLWlW0QFKHQLQ*HUPDQ\+HKROGVD3K'LQLQQRYDWLRQDQGHFRQRPLFVDZDUGHG
E\ WKH /XGZLJ0D[LPLOLDQV8QLYHUVLW\ /080XQLFK*HUPDQ\+LV UHVHDUFK IRFXVHV
RQLQWHOOHFWXDOSURSHUW\ZLWKDVSHFLDOIRFXVRQSDWHQWVDQGLQQRYDWLRQLQJHQHUDO
,VDEHOO0:HOSH
,VDEHOO 0:HOSH VWXGLHG PDQDJHPHQW DW WKH /080XQLFK *HUPDQ\ DQG DW WKH 0,7
86$ ,VDEHOO0:HOSHKROGV WKH&KDLU IRU6WUDWHJ\ DQG2UJDQL]DWLRQ DW WKH7HFKQLVFKH
8QLYHUVLWlW0QFKHQLQ0XQLFK*HUPDQ\+HUUHVHDUFKLQWKHDUHDRIVWUDWHJLFLQQRYDWLRQ
OLHVDWWKHLQWHUVHFWLRQRIPDQDJHPHQWDQGWHFKQRORJ\
